tal grass for which stock supply is limited, using the smallest possible division is necessary to produce significant quantities of liners. In this experiment, we examined the growth of Hakonechloa macra 'Aureola' resulting from a range of initial division sizes to determine which size is most economical for liner propagation and nursery production.
A shade tolerance study of six ornamental grasses found that while plant height was unaffected by shade intensity, the effect of shade on plant width varied by grass species and year (Cole and Cole, 2000) . Hakonechloa macra 'Aureola' is a cultivar of a species which grows naturally on the slopes of cool, mesic, forested mountains in Japan (Watson and Dallwitz, 1992) , and is considered shade tolerant by horticulturists (Greenlee, 1992 ). An informal Univ. of Connecticut telephone survey of 10 northern United States ornamental grass producers revealed that the density of shade used during Hakonechloa production varied from 0% to 70%. In a second experiment, plants were grown under a range of shade cloth densities to determine which amount of shading is most beneficial for Hakonechloa production.
Materials and Methods

Source of plants.
Stock plants used for the division study and to generate liners for the shade study were obtained as uniform, 2.6-L container-grown plants from two commercial nurseries. The dormant plants were held in a cold frame until needed for experimentation.
Division study. The influence of division size on Hakonechloa macra 'Aureola' production was evaluated by making a series of graded divisions differing in the number of tiller buds. Dormant, container-grown stock plants were divided into 1-2, 4-6, 8-10, or 12-15 tiller bud divisions during the first 2 weeks of April. Divisions were grown in 325 mL containers with a 3 pinebark : 2 sphagnum peatmoss : 1 sand (by volume) potting mixture amended with dolomitic limestone at 5.75 kg·m -3 . To facilitate the establishment of the divisions, plants were initially grown in a greenhouse with set points of 21 °C day/ 17 °C night and natural lighting before being move to the outdoor container nursery. Plants were irrigated as needed, and provided a soluble Fertilizer; The Scotts Co., Marysville, Ohio) at 150 ppm N once per week.
During the last week in May, just prior to being move outdoors, established divisions were transplanted into 2.6-L plastic nursery containers (Classic 300S; Nursery Supplies, Fairless Hills, Pa.) with the same potting mixture used for establishment. Following planting, containers were top-dressed with an 8-to 9-month formulation of Sierrablen 17N-2.6P-8.3K plus micronutrients (The Scotts Co., Marietta, Ga.) at a rate of 15 g per plant. Trickle irrigation provided 2.7 L of water every other day and plants were grown under 30% shading provided by polypropy- Ornamental grasses are generally easy to grow, adaptable to an array of soil, temperature, and moisture conditions, and virtually pest and disease free (Darke, 1994) . This versatile group of plants can be used in many garden situations because of the numerous species and cultivars that exist, which vary in foliage color, height, shape, and texture. Due to increased concerns over conservation and environmental quality, perennial grasses have been applauded for their low maintenance needs (Corley, 1989) . Greater emphasis on the use of ornamental grasses in the landscape has significantly increased sales of these perennials (LavisHam, 1993) . Despite this popularity, knowledge regarding their cultural requirements, hardiness and growth rates is lacking, thus preventing growers from producing and marketing grasses as effectively as other groups of plants (Brand, 1999) . This limited understanding is partly due to the lack of scientific investigation into ornamental grass growth and production.
A majority of cultivated ornamental grasses must be vegetatively propagated to maintain a desirable phenotype. Division has been the standard method of propagation (Brand, 1999; Corley, 1989) . Propagation from cuttings is an additional asexual technique that can be used on some species or cultivars, including Chasmanthium latifolium
Chiov. 'Rubrum', and Phalaris arundinaceae L. 'Picta' (Barnes, 1994; Corley, 1989) . Production of some ornamental grasses by division is relatively slow, especially for the variegated types (Ruffino, Sebastian, personal communication) . Despite this, variegated grasses are frequently the most popular cultivars and comprise 25% and 30% of commercial sales (Pennisi and McConnell, 2000) . Our research focused on enhancing the nursery production of the variegated grass Hakonechloa macra Makino 'Aureola' because of its slow growth, popularity for landscaping and high market value.
In many nursery operations, ornamental grasses are normally potted in May from plugs or liners grown from divisions of the previous season's container crop. Division size is not a critical a factor in propagation of vigorous ornamental grass species, such as Pennisetum and Panicum, where plants can yield a large number of liners (Brand, 1999) . When propagating a slow-growing ornamen-lene cloth. The study was conducted outdoors from 1 June to 21 Sept. 1999, in a gravel-surfaced container nursery at the Plant Science Research Farm, in Storrs, Conn. (lat. 41°84´N; long. 72°25´W).
Shade study. Divisions for this study were also made from dormant stock plants during the first 2 weeks of April. They were established and grown under the same conditions employed for the division study, with the exception of the shade density used. Shade structures were framed with 2 × 4 lumber, and measured 0.75 m high, 1.5 m long, and 1.5 m wide. Black, woven polypropylene shade cloth was stretched over the frame and stapled into place. Shade densities provided by the cloth were verified in April using a LI-COR line quantum sensor and a model LI-189 quantum photometer (LI-COR, Lincoln, Nebr.) and were determined to be 70% [≈390 µmol·m -2 ·s -1 photosynthetically active radiation (PAR)], 50% (≈650 µmol·m -2 ·s -1 PAR), and 30% (≈910 µmol·m -2 ·s -1 PAR). This study was conducted from June to Sept. in 1998 and 1999 in the facility described for the division study.
Data collection. During the third week of September of both years, plants were destructively harvested, and tiller buds, shoots, and inflorescences were counted. Shoot and root fresh and dry weights, plant height and width, leaf area, and shoot length were recorded. Root weights reflect the combined weight of both roots and crowns. Plant height was measured from the potting medium surface to the apex of the foliage, without extending the overarching leaf blades. Plant width was measured twice, at right angles to each measurement. Plant size was then estimated by multiplying height × width 1 × width 2. Leaf area was measured using a LI-COR model LI-3100 leaf area meter (LI-COR, Lincoln, Nebr.). Average shoot length per plant was determined by measuring the entire length of every shoot, including the stem and leaf blade.
Experimental design and statistical analysis. The design for the division study was a randomized complete-block design with 14 replicates. Data were analyzed through analysis of variance (ANOVA), with means separated by Fisher's LSD test at P ≤ 0.05. The response of growth to division size and shading was determined with single degree-offreedom orthogonal polynomial contrasts. For the shade study, 14 replicates were used in 1998 and 10 in 1999. Shade treatment means were regressed onto shade density.
Results and Discussion
Division study. Most measures of final
Hakonechloa plant size increased as the number of initial tiller buds per division increased (Figs. 1-2 ). Final plant size was greater for plants established from the two larger division sizes compared to the two smaller division sizes (Fig. 1A) . This response to initial liner size was also observed for leaf area and plant weight (Figs. 1D and 2,  respectively) . In Fig. 1B , final shoot and tiller all parameters measured (Fig. 3) . Limited stock material in the second year forced initial divisions to be smaller than those used in 1998. Established divisions (just prior to repotting) in 1999 had an average height of 17 cm, a plant fresh weight of 7 g and two tillers. In comparison, established divisions in 1998 had an average height of 22 cm, a weight of 24 g and 12 tillers. In 1999, as shading increased, shoot fresh weight, plant size, shoot count, average shoot length, tiller bud count and leaf area increased linearly (Fig. 3) . Of these measurements, only plant size and average shoot length also responded significantly to increased shading in 1998. Shading in either year did not significantly influence root weight and shoot dry weight (data not shown). Pennisi and McConnell (2000) found that leaf length, leaf width and leaf area for variegated cultivars of Dracaena sanderiana Sander. and Liriope muscari Bailey increased as the amount of shading increased. The enlargement of leaves in response to shade results from the decrease in photosynthesis per unit leaf area that normally occurs under reduced irradiance (Corré, 1983) . Stem elongation, in response to moderate reductions in irradiation, has been attributed to limited photosynthate availability and the capability of the plant to partition photosynthates into new stem growth (Kephart et al., 1992) . Altered partitioning increases or maintains stem length at the expense of root growth and stem girth (Corré, 1983 , Jones, 1985 . Although Hakonechloa macra 'Aureola' plants grown under 70% shade grew somewhat larger than plants receiving higher light levels, they exhibited a languid, excessively drooping habit.
Apart from a favorable growth response, the shade treatments in this study also improved variegation and foliage color of Hakonechloa macra 'Aureola'. Based on empirical observation, foliar color and variegation were more vivid and had better contrast on plants grown under 50% or 70% density shade than plants grown under more light. Hakonechloa foliage grown in full sunlight was bleached and exhibited less distinct variegation. Shading has been shown to increase or maintain the chlorophyll content of foliage (Andersen et al., 1991; Brand, 1997; Newman and Follett, 1988) . Elevated chlorophyll content in well-shaded Hakonechloa plants probably contributed to enhanced green and yellow color contrast in the foliage.
Manipulating division size and the density of shading can enhance production efficiency and quality of Hakonechloa grown in nursery containers. It is possible to obtain uniformly salable plants in a 3-4 month growing season using initial divisions containing as few as 8-10 tiller buds. Utilizing 1-2 tiller bud divisions doubles tiller bud production efficiency for propagation purposes. Shade density of 50% is recommended for nursery production of Hakonechloa macra 'Aureola' to enhance growth and foliage coloration. bud counts increased with division size and were statistically different between any two division sizes. Inflorescence development increased as initial division size increased, but was nonsignificant between divisions containing 8-10 and 12-15 initial tiller buds (Fig. 1C) . The only growth parameter not affected by initial division size was shoot length, which averaged 28 cm over all treatments (data not shown). Based on visual observations made at the conclusion of this study, all plants from the two larger divisions sizes were considered salable. In contrast, only 30% of plants grown from divisions containing 4-6 tiller buds, and no plants from the smallest division size were marketable after one growing season. A marketable plant was defined as being comprised of ≈25-30 tiller buds and 25-30 shoots, based on empirical observation. Plants grown from a division of 8-10 tiller buds contained 33 tiller buds and 27 shoots, on average, by the end of a 105-d growing season (Fig. 1B) . Therefore, divisions made with no less than 8-10 tiller buds are recommended for production schedules geared toward growing marketable Hakonechloa in one growing season. Hakonechloa grows relatively slowly and propagation stock is limited; therefore, economizing the use of stock material is important for meeting production demands. Use of 8-10 tiller bud divisions appears to be the most efficient use of stock material in comparison to 12-15 tiller bud divisions.
Twice as many shoots and tiller buds developed per initial tiller bud from the smallest division size than for any other division size (Table 1 ). There were no differences in shoot or tiller bud production efficiencies among the three larger division sizes. This demonstrates that the smallest division size is the most efficient size for obtaining the greatest number of new tiller buds per initial tiller bud. Propagators trying to maximize the multiplication of Hakonechloa growing points should divide crowns to the smallest size possible (1-2 tiller buds). Following two propagation cycles, a grower using 2 bud divisions would be able to produce over 5000 new buds from 100 initial buds, while one using 6 bud divisions would have produced slightly over 1000 new buds.
Shade study. The magnitude of growth in 1998 was consistently higher than in 1999 for Literature Cited
